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1. Introduction
The optical fluorescence technique provides an excellent way 
to simplify clinical diagnosis. The high velocity and sensitiv-
ity to differentiate tissue variations allow simple implementa-
tion of this tool [1, 2] to obtain good clinical results.
Being a nonaggressive and nondestructive technique [3–5], 
the fluorescence can be used in medicine for diagnosis pur-
poses or monitoring degradation of some drugs used in cancer 
treatment modalities. The biochemical composition and struc-
ture of biological tissues influence the light–tissue interaction. 
Thus, healthy tissue compared with injured tissue or contami-
nated by microorganisms will present different optical char-
acteristics [6, 7].
In dentistry, a similar system was developed for detection 
of oral cancer, soft tissue alterations [8, 9], incipient caries 
[10], identification of dental calculus, and for other applica-
tions [11, 12].
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Abstract
Fluorescence results from a process that occurs under certain conditions in molecules known 
as fluorophores, fluorochromes or fluorescent dyes when they absorb light. The molecule 
is excited to a higher energy state and emits fluorescent light. The emission wavelength is 
always higher than the excitation wavelength. Optical diagnoses by fluorescence can be 
used in medicine and dentistry. It does not cause injury to tissues because it is a noninvasive 
method and can add benefits to clinical treatments. The aim of this case report was to apply 
an optical fluorescence system for wide-field image viewing and visual monitoring of the 
management of plaque and dental calculus before and after periodontal scaling to improve 
the diagnoses and follow-up of patients with periodontal disease. The results suggest that 
it is possible to observe, with a fluorescence system, residual plaque and calculus that 
were not easily seen by the naked eye during oral inspection. Thus, the optical technique 
can potentially improve periodontal screening efforts, especially in patients undergoing 
periodontal maintenance.
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Periodontal disease is one of the major infections of the oral 
cavity and is a major cause of tooth loss. During periodontal treat-
ment it is important to conduct a thorough scraping with the aim 
of removing any calculus that can be attached to the tooth surface 
[13]. To perform periodontal treatment correctly, visual inspec-
tion and tactile sensitivity are fundamental to prevent residual 
calculus; unfortunately, this kind of skill is possessed only by a 
periodontal specialist (periodontist) with experience [14].
The use of optical diagnosis as an adjunctive of dental cal-
culus detection becomes especially appropriate for the gen-
eral practitioner to minimize the difficulty in residual calculus 
detection that may still persist after periodontal scaling [15].
The purpose of this case report was to demonstrate the use 
of optical fluorescence as an important tool for nonperiodon-
tists to use to perform visual plaque and calculus monitoring 
before and after periodontal scaling.
2. Materials and methods
This case report was approved by the Ethics Committee in 
Research of University Center of Araraquara-UNIARA (pro-
tocol number: 1200/10). To perform visualization of scrap-
ing and dental calculus removal by optical fluorescence, we 
examined 30 patients who were instructed verbally and with 
reading materials who subsequently signed a consent form. 
Clinical examination and image registers before and after den-
tal procedures were performed at a dental office at The Health 
Center of Physics Institute of Sao Carlos, University of Sao 
Paulo, Sao Carlos, Sao Paulo, Brazil.
The system (prototype) used for fluorescence imaging 
was developed in partnership with the Engineering School of 
Sao Carlos Laboratory of Biophotonics at Physics Institute 
of Sao Carlos, both from University of Sao Paulo, Sao Carlos, 
Sao Paulo, Brazil, and the company MMOptics (Sao Carlos, 
Sao Paulo, Brazil).
The instrument consists of three different systems. The 
first is the optical system, consisting of high-intensity LED 
lights, with emission centered at 405 and 450 nm and five opti-
cal filters. The second is the electronic system, which con-
trols and powers the lighting system. The third is the detection 
system, comprising an attached camera and/or webcam. The 
excitation wavelength is from 405 to 420 nm. Filters allow the 
capture of the fluorescence signal fairly well, as well as appro-
priate contrast in the display of images. To observe hard tissue 
(teeth), a power of 20 mW was used; to observe the soft tissue 
(gingival), the power was increased to 140 mW to improve the 
view of the present structures.
Initially, the clinical examinations were performed and 
photographs were obtained throughout the oral cavity. The 
images were obtained using a distance approximately 10 cm 
from the oral cavity. All patients were photographed with and 
without the fluorescence system before the beginning of scal-
ing and root planning.
Then, the periodontal treatment was performed by a gen-
eral dentist (nonperiodontist) with an ultrasound device 
(Gnatus Medical and Dentistry Equipments, Ribeirao Preto, 
Sao Paulo, Brazil) to remove supragingival calculus visual-
ized by the fluorescence system. After periodontal scaling, 
new inspections were performed throughout the oral cavity 
and new pictures were obtained. Subsequently, a comparison 
of the images was made before and after periodontal scraping.
3. Results
Calculus within the periodontal pocket is a complicated and 
potentially delicate structure to be detected with radiographic 
examinations and dental probe inspections. Our results 
using an optical fluorescence imaging method was helpful to 
improve calculus detection and, consequently, dental cleaning.
In addition, clinical appointments have shown that the 
intervention using optical fluorescence as an additional tool 
for periodontal treatment had a favorable influence on patient 
compliance.
Figures 1–4 show the results obtained from the teeth in the 
buccal region teeth. Figure 1(A) shows the presence of dental 
calculus without needing help of the fluorescence diagnosis 
system. Using optical fluorescence, dental calculus can be 
seen in red in figure 1(B). Both images were taken before the 
procedure of dental scaling. Figures 2(A) and (B) were taken 
after periodontal treatment. Figures 1(B) and 2(B) show the 
images using the fluorescence system. Likewise, in figures 
3(A) and (B), it was possible to observe the lingual region of 
the lower teeth before periodontal treatment. Figures 4(A) and 
(B) illustrate images after treatment.
4. Discussion
Fluorescence properties of supragingival and subgingival 
calculus may provide a way to accurately assess presence of 
Figure 1. Images of teeth with and without fluorescence. Presence of bacterial plaque and calculus (A). Red (B) shows plaque and calculus 
with fluorescence.
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these deposits in regions not directly seen or that are difficult 
to reach by periodontal probing. In the present study, fluores-
cence spectra were recorded directly from patients with solid 
calculus and periodontal disease [16, 17].
Presence of multiple fluorophores that cover a wide range 
of excitation and emission maxima and simultaneous quench-
ing and reabsorption effects may change peaks caused by 
fluorescence [18].
Peaks in the red spectral region between 570 and 740 nm 
present in calculus preserve their wavelength position inde-
pendently of the excitation wavelength. A red light is absorbed 
by organic and inorganic matter on teeth and then are re-emit-
ted from the organic material as near-infrared fluorescent light 
[19]. Near-infrared fluorescence excited by 655 nm LASER 
irradiation has shown the feasibility of detecting clinical sub-
gingival calculus [6, 7].
A mixture of different fluorescent chromophores is pre-
sent in human calculus, as has already been suggested [17, 
20]. Supragingival calculus may have porphyrin derivatives 
noticeable by the Soret bands at approximately 405 nm and by 
less intense Q bands at higher wavelengths [17, 20, 21].
Ribeiro-Figueiredo et al [22] compared the fluorescence 
spectra obtained at three LASER excitation wavelengths 
from intact enamel, sound dentin and carious dentin. 
The results showed that carious enamel usually presents 
Zn-protoporphyrin and protoporphyrin IX. It is known that 
porphyrin fluorescence found in dental calculus and in cari-
ous dental hard tissue is closely linked to high bacterial 
activity [23]. Some bacteria rely on hemin iron-containing 
molecules as a source of iron, such as hemin or hemo-
globin, and the inflammatory gingival condition may be 
a source of blood and an important source for porphyrin 
derivatives [24].
Carvalho et al [25] studied the influence of efforts used to 
modify patient behavior regarding periodontal maintenance. 
The irregular compliers and noncompliers were subjected 
to the usual procedures and strategies, such as reminders of 
the next visit, information regarding periodontal disease and 
importance of maintenance, and motivation for those who 
showed an improvement in compliance. We believe that the 
optical diagnosis method in this case is a great tool to increase 
compliance with periodontal treatment.
Figure 2. Images of teeth with and without fluorescence after periodontal scaling. Absence of residual calculus is shown (A), (B).
Figure 4. Images after periodontal scaling (A) and (B). Absence of dental plaque and calculus confirmed by optical fluorescence (B).
Figure 3. Images without fluorescence show presence of plaque and calculus (A). Using the fluorescence system, plaque and calculus can 
be seen (red, (B)).
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In this study, the fluorescence imaging system proved to be a 
good adjunct tool not only for clinical diagnosis by images but 
also for assisting in the monitoring and visualization of peri-
odontal scaling, in agreement with other studies [8–10, 22].
The light interactions with biological tissues influence bio-
chemical structures that build tissues. Hard tissues fluoresce 
differently than soft tissues, and the same phenomenon occurs 
for disease and organisms. Our results regarding detecting the 
presence of plaque and calculus and fluorescing at red wave-
lengths were also found in other studies [6–8, 24, 26–29].
Even though dental calculus and plaque are not the only 
cause of periodontal disease, they deserve special attention. A 
complete removal procedure is considered crucial for the suc-
cess of periodontal therapy [27]. The ability to detect subgin-
gival calculus in vitro was tested in 20 freshly extracted teeth 
affected by periodontitis, and the results were compared with 
clinical and histological findings [27, 28].
It has been well-documented that thorough subgingival scal-
ing and root planning will result in a reduction of periodontal 
bacteria. However, in the presence of supragingival calculus, 
rapid subgingival colonization will occur within a few weeks. 
Hence, a thorough mechanical debridement to ensure complete 
removal of this pathogenic calculus is mandatory and will also 
help prevent progression of periodontitis [28, 29].
Traditional methods of calculus detection are typically 
explorer, periodontal probe and radiographic examinations. 
Although widely used, traditional methods of diagnosis of 
dental calculus after scaling and root planning, especially 
when performed by nonspecialists, may present difficulty in 
realization and detection [30–34]. In view of its potential for 
dental diagnostics, fluorescence spectroscopy in the optical 
range has been the subject of research for years [34–38].
The wavelengths between 405 and 420 nm used in this 
case report proved to be effective for dental plaque and cal-
culus detection when performed before and after scaling. Our 
results were similar to those of Buchalla et al [20], who used 
a light wavelength between 400 and 420 nm.
Although optical fluorescence has been recognized for 
some time [39], only recently have systematic investigations 
been performed [20, 40]. In our case report, images were 
recorded directly from mouth of each patient in real time.
The aim of this case report was mainly to focus on quali-
tative assessment of optical fluorescence properties for den-
tal applications. We could not find a correlation between the 
thickness of calculation and intensity of fluorescence signal, 
which may be attributable to the high optical density of den-
tal calculus. However, this system has been used in medicine 
[1, 2, 4] and dentistry [17, 20, 27, 28] because of its high sen-
sitivity, simplicity, and less time required for obtaining results.
This new tool is quite simple to use, fast, secure and serves 
as a new aid to determine, monitor and visualize images. The 
essential component of conventional periodontal therapy is 
the effective removal of bacterial deposits from the root sur-
face, along with calculus deposits, to create a biologically 
compatible root surface. This optical instrument can be used 
to optimize the diagnosis of residual plaque and calculus, thus 
improving therapy results. The use of optical fluorescence in 
dental diagnosis before and after periodontal scaling contrib-
utes to better detection of residual calculus.
5. Conclusion
We conclude that clinicians can observe the subgingival root 
surface, tooth structure and residual calculus in real time. This 
new system of optics diagnosis by fluorescence is simple to 
use, fast, secure and serves as a new guide for viewing, moni-
toring, and diagnosis of plaque and dental calculus.
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